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Thannhauser (1) has suggested that the primary defect in patients with
idiopathic hyperlipemia is a delayed clearance of the lipids from the blood stream.
In order to test this hypothesis 9 patients with idiopathic hyperlipemia, 4 patients
with primary hypercholesteremic xanthomatosis and 14 control subjects were
given an intravenous infusion of emulsified neutral fat. Thereafter, at intervals
the amounts of the various lipids in the serum were determined. In this manner
disappearance curves for neutral fat were established for the two groups of
patients and for the control group. It was found that the patients with idiopathic
hyperlipemia actually showed a delayed clearance of neutral fat from the
blood.
In addition, it was observed that the infusion of the emulsified neutral fat
consistently caused a lowering of the serum cholesterol levels whenever they were
elevated. Therefore, 3 patients with idiopathic hyperlipemia and 2 patients with
primary hypercholesteremic xanthomatosis were given daily infusions of emulsi-
fled neutral fat for one week. A considerable reduction in all elevated lipid values
was thus obtained.
REVIEW OF LITERATURE
Thannhauser and Stanley (1—3) administered by mouth olive oil labeled with radio-
iodine J131 to 10 normal subjects, to 2 patients with idiopathic hyperlipemia and to 1 pa-
tient with primary hypercholesteremic xanthomatosis. The iodized fat levels in the serum
of the patients with idiopathic hyperlipemia rose to two to five times the normal values and
over the ensuing twenty-four hours fell more slowly than in the normal subjects. In con-
trast, the 1 patient with primary hypercholesteremic xanthomatosis showed a normal
curve for iodized fat. Although this observation would seem to indicate that orally admin-
istered fat is removed abnormally slowly from the blood of patients with idiopathic hyper-
lipemia the authors point out that this conclusion was not fully justified because the factor
of chemical dilution of the tracer dose by the large amount of neutral fat present in the
* From the Departments of Dermatology and Surgery, Harvard Medical School and
Massachusetts General Hospital, and the Department of Nutrition, Harvard School of
Public Health.
This investigation was supported by research grants to the Department of Dermatology,
Harvard Medical School, from the National Institute of Arthritis and Metabolic Diseases,
of the National Institutes of Health, Public Health Service (PHS A-414), and from the
Milton Fund, Harvard University, and to the Department of Nutrition by a contract be-
tween Harvard University and the Alaskan Air Command, Arctic Aeromedical Laboratory,
Ladd Air Force Base, Fairbanks, Alaska; and grants-in-aid from the Upjohn Company,
Kalamazoo, Michigan.
Presented at the Sixteenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., Atlantic City, N. J., June 5, 1955.
233
234 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
blood stream of the hyperlipemic patients had not been taken into account. They suggest
the possibility that the findings occurred as the result of the hyperlipemia with its atten-
dant chemical dilution rather than from the defect which produced the abnormal elevation
of serum neutral fat levels.
During the past few years a concerted effort has been made by several re-
search groups to develop emulsified fat preparations suitable for administration
to patients for parenteral feeding. As a result of this work preparations are avail-
able that can be safely given intravenously to patients for extended periods (4).
The principal efforts in this field have been toward developing preparations free
of pyrogens and suitable for wide distribution. Coincident with this work a
considerable body of information has accumulated relative to the metabolism of
emulsified fat given intravenously. It has been shown that fat given in this
manner is rather quickly metabolized. Using emulsions of C'4-labeled trilaurin
Geyer, Chipman and Stare recovered as much as 90 per cent of the injected
radioactivity in the expired CO2 within a period of 24 hours (5). Similar results
were obtained with labeled tripalmitin (6).
The clearance of fat from the blood stream has been studied in both animals
and man. Animals studies indicate that the liver and spleen are the principal
organs concerned with removal of fat from blood (7). The reticuloendotheial
system appears to play a minor role in clearance of fat from the blood (8). The
importance of the "clearing factor" (9) in removing fat from the blood under
physiologic conditions has not yet been determined.
In man the rate of clearance of fat from the blood has been measured by several
different observers (10—12). Their findings are in agreement that administration
of an intravenous infusion of 1000 ml. of a 10 to 15 per cent fat emulsion over a
period of three hours results in increased turbidity and chylomicron counts
during the period of infusion followed by a return to normal values within three
to six hours.
Chemical analyses of the various lipid components during and after the fat
infusions have not been carried out so far with the exception of the determination
of cholesterol and cholesterol esters by Waddell, Van Itallie, Geyer and Stare
(13) in 21 patients. They found no changes related to the administration of fat
except significant decreases in cholesterol ester concentrations in 3 patients.
MATERIAL AND METHODS
The fat emulsion used for the intravenous infusions was prepared as previously described
(14). It contained 10 per cent cottonseed oil or synthetic triolein, 1.2 per cent soybean phos-
phatide, and 0.3 per cent pluronic, a wetting agent. The emulsion was made isotonic with
5 per cent dextrose. An emulsion containing 1.2 per cent soybean phosphatide, 0.3 per cent
pluronic and 5 per cent dextrose but no cottonseed oil or triolein was used in a few experi-
ments carried out for the purpose of evaluating the effects of the emulsifying agents alone.
In all experiments the total volume administered was 500 ml. and the rate of administration
was 3 ml. per minute so that the infusion required about three hours.
The control subjects were selected from patients hospitalized for a variety of surgical
conditions. They had been eating a regular hospital diet prior to the test, remained fasting
on the morning of the test and received a low-fat diet containing less than 20 grams of fat
per day during the test. The patients with idiopathic hyperlipemia and primary hyper-
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cholesteremic xanthomatosis had been on moderate to low fat diets prior to receiving the
infusions. When receiving a single infusion they entered the hospital fasting and ate a low
fat diet during the test period. The patients receiving multiple infusions remained in the
hospital for a week and ate a low fat diet during this time.
In the control subjects and patients receiving a single infusion samples of blood were
drawn before the infusion, at the completion of the infusion and 1, 2, 4, 6, 8 and 20 hours
thereafter. In patients receiving multiple infusions samples of blood were obtained each
morning in the fasting state.
Each blood specimen was analyzed for turbidity, total cholesterol, cholesterol ester,
phospholipids and total fatty acids by methods previously described (15). Neutral fat was
calculated from the difference between total fatty acids and the fatty acids combined as
cholesterol ester and phospholipids.
RESULTS
I. Single Infusions of Fat Emulsion
1. Control Subjects. a. Turbidity. The degree of turbidity of the serum prior
to the infusion ranged from 1.0 to 4.6 units and thus was within the normal
limits. The increase in turbidity at the end of the infusion varied considerably,
from 1.8 to 37.4 units, averaging 16.7 units. One to two hours after termination
of the infusion the degree of turbidity had decreased significantly in all subjects.
Six hours after the infusion the degree of turbidity had fallen to the initial
value, or within 1 unit of it, in 11 of the 14 subjects. In the other 3 subjects
the values for turbidity were still slightly elevated eight hours after the infusion
but were back to normal on the next morning, twenty hours after the infusion.
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Fiu. 1. Disappearance curves for neutral fat obtained on 14 control subjects after the
intravenous infusion of a cottonseed oil or triolein emulsion.
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b. Neutral Fat. The concentration of neutral fat in the serum prior to the
infusion ranged from 0 to 264 mg. per 100 ml., averaging 102 mg. (Fig. 1). The
increase in the neutral fat values following the infusion varied widely, from 6 to
870 mg. per 100 ml. of serum, averaging 406 mg. One to two hours after the
infusion a significant decrease had taken place in 13 of the 14 control persons.
After six hours the values for neutral fat had returned to, or near the starting
level in 10 of the 14 subjects. In 3 subjects in whom the level of neutral fat had
risen considerably at the end of the infusion the values for neutral fat still were
above the starting level but they were falling gradually. Oniy 1 subject showed
an abnormal curve in that no decrease in the neutral fat had taken place six
hours after the infusion. After twenty hours the neutral fat values were still
slightly higher than the initial value in 4 subjects, though never more than
100 mg. per 100 ml.; they were close to the starting value in 4 subjects and lower
than the starting value in 6 subjects.
c. Cholesterol. The initial values for cholesterol varied from 195 to 355 mg.
per 100 ml. of serum, averaging 278 mg. In 4 of the 14 control subjects the initial
value for cholesterol was in excess of 300 mg. At the end of the infusion no change
had taken place that could not be explained by natural fluctuation and the error
inherent in the method. During the eight hours after the infusion the values for
cholesterol fluctuated, but the tendency was toward a decrease, especially in the
subjects with initial cholesterol levels above 300 mg. per 100 ml. Twenty hours
after the infusion the cholesterol had decreased below the initial level in 7 of the
10 control persons with initial levels below 300 mg., so that the average for
cholesterol in these 10 control persons had fallen from 256 mg. before the in-
fusion to 229 mg. twenty hours after the infusion, an average decrease of 27 mg.
per 100 nil. (Table 1). Of the 4 control persons with initial cholesterol values
above 300 mg. all showed a decrease in cholesterol, from an average of 335 mg.
to one of 265 mg., an average decrease of 70 mg. per 100 ml.
d. Phospholipids. The initial values for phospholipids varied from 133 to 290
mg., averaging 211 mg. per 100 ml. of serum. At the end of the infusion a rise in
the concentration of phospholipids had occurred in the serum of 12 of the 14
TABLE 1
Average values of the serum cholesterol before and after a single infusion of a cottonseed oil
or triolein emulsion
Number c,f
Stibjects NuerDecrease
Before 20 yours Average
Infusion Decrease
C/iolesterol n isg. per 100 nsf.
Control subjects with cholesterol below
300 mg. per 100 ml 10 7 256 229 27
Control subjects with cholesterol above
300 mg. per 100 ml 4 4 335 265 70
Patients with idiopathic hyperlipemia . 9 8 579 482 97
Patients with primary hypercholestere-
mic xanthomatosis 4 4 556 436 120
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FIG. 2. Disappearance curves for neutral fat obtained on 9 patients with idiopathic
hyperlipemia after the intravenous infusion of a cottonseed oil or triolein emulsion.
patients to an average of 242 mg. per 100 ml., probably due to the fact that the
infused emulsion contained phospholipids. During the eight hours following the
infusion the concentration of phospholipids gradually decreased. After twenty
hours the values were near the initial level in 7 subjects and lower than the
initial level in the other 7 subjects. The average level was 191 mg., as compared
with the pre-infusion level of 211 mg. per 100 ml. of serum.
2. Patients with Idiopathic Hyperlipemia. The hyperlipemia was in partial
remission in 3 of the 9 patients with the values for neutral fat below 500 mg.
per 100 ml. of serum (see Fig. 2). One of them had had values as high as 849 mg.
in 1953, but while receiving prolonged treatment with heparin the values had
gradually decreased and had not risen since. At the time of the test infusion the
concentration of neutral fat in this patient was 269 mg. per 100 ml. The second
patient had had neutral fat values above 1000 mg. per 100 ml. of serum, but under
a strict low-fat diet the value had decreased to 440 mg. The third patient had
been known to have had idiopathic hyperlipemia for years. A short time before
the test infusion she had had a sudden severe exacerbation of her tendon and
cutaneous xanthomata. At the time of the test infusion the serum cholesterol
was elevated to 675 mg. and the phospholipids to 340 mg. per 100 ml., but the
neutral fat measured only 14 mg. per 100 ml. and the serum was clear with a
turbidity index of 2.3 units. The lipid values in the serum thus seemed to be
consistent with a diagnosis of hypercholesteremic xanthomatosis rather than
hyperlipemia. However, one month after the test she again had lipid values
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typical of hyperlipemia the turbidity measuring 12.0 units, neutral fat 892
mg., cholesterol 1010 mg. and phospholipids 457 mg. per 100 ml. of serum. It is
interesting to speculate if the sudden exacerbation of her lesions and the de-
crease in neutral fat values were related to one another.
a. Turbidity. The initial turbidity varied from 2.3 to 23.5 units, averaging 9.1
units. In the 3 patients in whom the hyperlipemia was in partial remission the
turbidity readings were 2.3, 2.6 and 2.9 units, rsepectively, while in the other 6
patients the turbidity exceeded 5 units. The increase in turbidity immediately
after the infusion varied considerably, from 3.0 to 28.7 units averaging 18.4
units. One to two hours after the infusion the turbidity showed a definite de-
crease in all patients. After six hours, the degree of turbidity stifi was considerably
greater than prior to the infusion in 3 patients, was slightly greater in 3 patients
and was near the initial value in 3 patients. Thus, on the average, the patients
with idiopathic hyperlipemia on comparison with the control persons showed,
during the first six hours, a slight delay in the disappearance from the serum of
the added turbidity. After twenty hours the degree of turbidity was within the
initial range in 4 patients and lower than initially in 5, so that the average
turbidity had decreased from 9.1 to 7.3 units.
b. Neutral Fat. The concentration of neutral fat in the serum prior to the
infusion varied from 14 to 2400 mg., averaging 923 mg. per 100 ml. of serum
(Fig. 2). In the 3 patients in whom the hyperlipemia was in partial remission the
values were 14 mg., 269 mg. and 440 mg., respectively, while in the other 6
patients the values were 670 mg. or higher. Following the infusion there was in
8 of the 9 patients a considerable delay in the clearance of the neutral fat. The
values for neutral fat obtained six hours after the infusion were as high if not
higher than those obtained at the end of the infusion. In the 4 patients with the
severest degree of hyperlipemia the values for neutral fat still showed no decrease
eight hours after the infusion. Even among the 3 patients in whom the idiopathic
hyperlipemia was in partial remission 2 showed a definite delay in the elimination
of the added fat load; although the delay was less pronounced than in the other
patients. Comparing the disappearance curves for neutral fat and for turbidity
in the patients with idiopathic hyperlipemia a definite discrepancy was noted
between the disappearance curves for turbidity and those for neutral fat: Even
though during the first six to eight hours after the infusion the values for
neutral fat did not decrease or even increased, the degree of turbidity decreased
significantly.
In spite of the initial delay in the clearance of neutral fat from the blood
stream, twenty hours after the infusion the concentration of neutral fat had
generally decreased considerably. Still, in 3 patients the concentration of neutral
fat still was significantly higher than before the infusion; but it was near the
initial level in 4 patients and distinctly below the initial leVel in 2 patients.
c. Cholesterol. The initial values for cholesterol varied from 260 to 1310 mg.
per 100 ml. of serum and averaged 579 mg. In 6 of the 9 patients the cholesterol
level exceeded 400 mg. At the end of the infusion the cholesterol level showed a
significant decrease in all 6 patients in whom the initial level had been above
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400 mg., while in the 3 patients with lower levels no material change had occurred.
Thus, at the end of the infusion, the average in the 9 patients had fallen from 579
to 538 mg. per 100 ml. of serum. Oniy minor fluctuations occurred during the
next eight hours. Twenty hours after the infusion further decreases had oc-
curred in all patients except the one patient with the lowest cholesterol value.
The average had fallen to 482 mg. per 100 ml., a decrease of 97 mg. per patient
in twenty-four hours.
d. Phospholipids. Before the infusion the concentration of phospholipids varied
from 245 to 660 mg. per 100 ml. of serum, averaging 400 mg. At the end of the
infusion the level had increased in all patients to an average of 434 mg. No
significant changes occurred during the first eight hours after the infusion, so
that after eight hours the average stifi was 433 mg. After twenty hours the
phospholipid level was still higher than the initial level in 2 patients, about the
same as the initial level in 3 patients, and lower than the initial level in 4 patients.
The average was 386 mg.
3. Patients with Primary Hypercholesteremic Xanthomatosis
a. Turbidity. The turbidity in the 4 patients varied from 2.2 to 3.6 units and
thus was within the normal range. The increase in turbidity at the end of the
infusion varied from 8.6 to 30.3 units, and averaged 16.3 units. Two hours after
the infusion the degree of turbidity had already greatly decreased. After six
hours the degree of turbidity had returned to the initial value, or within 1 unit
of it, in all patients.
b. Neutral Fat. Prior to the infusion, the concentration of neutral fat in the
4 patients varied from 0 to 159 mg. per 100 ml., averaging 51 mg. The increase
in the values for neutral fat at the end of the infusion varied from 218 to 730 mg.,
averaging 355 mg. Two hours after the infusion a significant decrease in neutral
fat had taken place in all. After six to eight hours the amount of neutral fat had
returned to or near the approximate starting level.
c. Cholesterol. The initial values for cholesterol in the 4 patients varied from
515 to 590 mg. per 100 ml. of serum, and averaged 556 mg. One patient showed
a significant decrease of the cholesterol level at the end of the infusion. This
decline gradually continued over the next six hours. The other patients showed a
decrease within two to eight hours after the infusion. Thus, eight hours after the
infusion the average in the 4 patients had fallen from 556 to 432 mg. per 100 ml.
No significant change occurred between eight and twenty hours after the infusion.
The average in the 4 patients after twenty hours was 436 mg. per 100 ml.,
representing an average decrease of 120 mg.
d. Phospholipids. The pre-irifusion values for phospholipids in the 4 patients
varied between 295 and 365 mg. per 100 ml. of serum, averaging 324 mg. At the
end of the infusion all 4 patients showed an increase in the concentration of the
phospholipids. A gradual decrease in the phospholipid values took place during
the twenty hours following the infusion. Twenty hours after the infusion the
level was below the initial value in all 4 patients, an average decrease of 35 mg.
per 100 ml.
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II. Single Infusions of Emulsifying Agents Alone
In order to evaluate the effects of the emulsifying materials alone 1 control
person and 2 patients with idiopathic hyperlipemia were given an infusion of an
emulsion containing all the ingredients except the neutral fat.
In all 3 subjects there was a slight increase in the concentration of phospho-
lipids at the end of the infusion. During the six to eight hours following the in-
fusion the amount of phospholipids gradually decreased to its pre-infusion level.
No changes in the concentrations of neutral fat or of cholesterol took place.
In particular, there was no decrease in the cholesterol level on the morning after
the infusion, as it had been observed in the 2 patients with idiopathic hyper-
lipemia when they had received infusions of the emulsion containing cotton-
seed oil.
III. Daily Infusions of Fat Emulsion for One Week
The consistent and appreciable decrease in elevated serum cholesterol levels
following a single infusion of a neutral fat emulsion seemed to be a sufficiently
important finding to warrant investigation if daily infusions of this emulsion
would bring about even greater reductions. So far, 3 patients with idiopathic
hyperlipemia and 2 patients with primary hypercholesteremic xanthomatosis
have received daily infusions for one week. Considerable reductions in all ele-
vated lipid values occurred in these 5 patients.
Patient 1. Idiopathic hyperlipemia (Patient 5 in Paper No. 1 of this entire
series (15)). This male patient, 35 years of age, throughout three years of observa-
tion always had had a creamy serum with very high lipid values. He never had
shown cutaneous lesions but had suffered from frequent attacks of upper ab-
TABLE 2
(Patient 1, Idiopathic Hyperlipemia). Degree of turbidity and concentration of lipids in the
serum before, during and after 8 daily intravenous infusions of the neutral fat emulsion
Date Turbidity Cholesterol Phospholipids Neutral Fat
Nov. 30, 1954
Jan. 10, 1955
Feb. 7, 1955
,,,jts
121
137
154
mg per 100 ml.
670 443 4290
835 650 4575
1050 605 6580
April 13, 1955
April 14, 1955
April 15, 1955
April 16, 1955
April 18, 1955
April 19, 1955
April 20, 1955
April 21, 1955
346
95
33
8
7
4
11
8
1250
670
440
355
280
400
460
460
660
380
310
235
265
255
310
300
8520
2480
1115
352
238
165
398
307
First infusion
Last infusion
April 24, 1955
April 30, 1955
May 16, 1955
8
103
144
530
670
670
220
490
513
720
2880
5680
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dominal pain which probably were caused by a recurrent pancreatitis. At one
time the patient had been treated with intramuscular injections and intravenous
infusions of heparin which had resulted in a considerable decrease in the turbidity
and lipid values of the serum, but the serum had never cleared (16). From
April 13 to April 20, 1955 he received eight daily intravenous infusions of 500
ml. of the cottonseed oil emulsion. Within a few days his serum cleared and the
lipid values decreased considerably. After eight infusions the degree of turbidity
had decreased from 346 to 8 units, the cholesterol from 1,250 mg. to 460 mg.,
the phospholipids from 660 to 300 mg., and the neutral fat from 8,520 to 307
mg. per 100 ml. of serum (Table 2). This decrease was temporary, however.
Ten days after the last infusion the lipid values had already risen considerably
and after four weeks were as high as they had been before the series of infusions.
Patient 2. Idiopathic hyperlipemia (Patient 21 in Paper No. 4 of this series
(16)). The patient, a 58 year old woman, with papular, eruptive xanthomata
and mild coronary heart disease had been followed since 1953. In the Spring of
1954, after two weeks' treatment with intravenous infusions of heparin and subse-
quent low fat diet, her serum had become clear and the lipid values had greatly
decreased (16). However, when checked again in the Fall of 1954 the serum was
lipemic again and the lipid values were high. They remained high until April 25,
1955, when eight daily infusions of the cottonseed-phosphatide emulsion were
given. During the week of daily infusions the degree of turbidity and the lipid
values decreased gradually (Table 3). The degree of turbidity decreased from
13.5 to 3.0 units, the cholesterol from 605 to 260 mg., the phospholipids from 487
to 245 mg., and the neutral fat from 1585 to 528 mg. per 100 ml. of serum. How-
ever, nine days after the last infusion the lipid values had already increased and
three weeks after the last infusion they had returned to their initial level.
TABLE 3
(Patient £, Idiopathic Hyperlipemia). Degree of turbidity and concentration of lipids in the
serum before, during and after 8 daily intravenous infusions of the neutral fat emulsion
Date Turbidity Cholesterol PhosphoIipids Neutral Fat
Sept. 27, 1954
Oct. 11, 1954
Jan. 10, 1955
un1s
11.4
11.3
13.3
mg. per 100 ml.
420 503 1820
480 500 1980
640 615 1760
April 25, 1955
April 26, 1955
April 27, 1955
April 28, 1955
April 29, 1955
May 1, 1955
May 2, 1955
May 3, 1955
13.5
10.4
4.8
3.9
4.3
3.4
3.6
3.0
605
560
475
410
370
320
300
260
487
530
308
317
303
262
265
245
1585
1300
605
492
477
307
327
528
First infusion
Last infusion
May 11, 1955
May 23, 1955
6.7
9.8
460
475
328
485
855
1440
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TABLE 4
(Patient 3, Idiopathic Hyperlipemia). Degree of turbidity an4concentration of lipids in the
serum before, during and after 7 dail'j intravenous infusions of the neutral fat emulsion
Date Turbidity Cholesterol Phospholipids Neutral Fat
Feb. 8, 19.54
Nov. 15, 1954
units
19.0
18.1
mg. per ioo ml.
646 726 2469
720 660 2400
May 11, 1955
May 12, 1955
May 13, 195.5
May 14, 1955
May 15, 1955
May 16, 1955
May 17, 1955
May 18, 1955
21.1
17.7
13.3
7.9
7.0
6.5
7.1
6.3
810
915
785
700
625
560
515
660
610
762
680
570
490
470
455
433
2607
2320
1930
1250
960
805
845
740
First infusion
Last infusion
May 28, 1955
June 11, 1955
June 25, 1955
8.8
9.2
15.7
530
575
715
565
370
667
978
1525
2030
Patient 3. Idiopathic hyperlipemia (Patient 1 in Paper No. 1 of this series
(15)). The patient, a 44 year old male, with papular, eruptive as well as tuberous
xanthomata and mild coronary heart disease had been followed since 1952. He
always had had high lipid values and a turbid serum. From May 11 to May 17
daily infusions of the cotton seed oil emulsion were given. During this week there
was a gradual decrease in the degree of turbidity from 21.1 to 6.3 units and in
the level of neutral fat from 2,607 to 740 mg. per 100 ml. of serum (Table 4).
The amounts of cholesterol and phospholipids decreased to a less degree: the
cholesterol from 810 to 660 mg., and the phospholipids from 610 to 433 mg. per
100 ml. The level of the cholesterol did not decline evenly, but on two occasions,
after the first and the last infusion, the amount of cholesterol increased. Ten
days after the last infusion the value for cholesterol was still low, but the value
for neutral fat had already begun to rise again. After five weeks the lipid values
had returned to their previous high level.
Patient 4. Primary Hypercholesteremic Xanthomatosis. This 35 year old
female with xanthelasmata and coronary heart disease received seven daily in-
fusions from May 19 to May 25, 1955. The cholesterol decreased from 625 to
400 mg. per 100 ml. of serum, while the phospholipids did not change materially
(Table 5). The decrease in the cholesterol was not even. It had decreased to 355
mg. after the fourth infusion, rose successively to 450 and 530 mg. after the
fifth and sixth infusion, and then decreased again to 400 mg. after the seventh
infusion. One week after the last infusion the cholesterol had risen to 515 mg.
and six weeks later to 680 mg. per 100 ml.
Patient 5. Primary Hypercholesteremic Xanthomatosis (Patient 16 in Paper
No. 1 of this series (15)). The patient, a 55 year old female with tuberous xan-
thomata had been under observation since September 1952. Seven daily in-
IDIOPATHIC HYPHRLIPBMIA VII 243
TABLE 5
(Patient IA 4, Primary hypercholesteremic zanthomatosis). Degree of turbidity and
concentration of lipids in the serum before, during and after 7 daily infusions of the
neutral fat emulsion
Date Turbidity Cholesterol Phospholipids Neutral Fat
May 9, 1955
unOs
2.2
mg. per 100 ml.
545 340 0
May 19, 1955
May20, 1955
May 21, 1955
May 22, 1955
May 23, 1955
May 24, 1955
May 25, 1955
May26, 1955
3.0
2.1
2.6
2.1
2.0
2.1
1.6
2.1
625
500
460
420
355
450
530
400
327
288
305
285
263
295
298
305
0
0
54
105
133
122
99
76
First infusion
Last infusion
June 3, 1955
July 6, 1955
2.3
2.4
515
680
348
305
156
0
TABLE 6
(Patient IA 5, Primary hypercholesteremic xanthomatosis). Degree of turbidity and
concentration of lipids in the serum before, during and after 7 daily infusions of the
neutral fat emulsion
Date Turbidity Cholesterol Phospholipids Neutral Fat
Sept. 12, 1952
May 4, 1953
May 18, 1955
unils
4.0
3.9
5.3
mg per ioo ml.
520 367 314
381 273 264
640 437 261
May 25, 1955
May 26, 1955
May 27, 1955
May28, 1955
May 29, 1955
May 30, 1955
May 31, 1955
June 1, 1955
3.6
3.5
4.4
4.1
3.3
3.1
3.8
2.3
575
475
485
425
400
325
325
350
365
310
315
302
283
240
243
233
159
150
273
193
202
176
122
0
First infusion
Last infusion
June 8, 1955
June 22, 1955
7.5
3.1
435
400
355
310
390
28
fusions were given from May 25 to May 31, 1955. During that week the choles-
terol decreased from 575 to 350 mg., and the phospholipids from 365 to 233 mg.
per 100 ml. of serum. (Table 6). Three weeks after the last infusion the cho-
lesterol level still was lower than at the beginning of the treatment, namely 400
mg. per 100 ml. of serum.
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DISCUSSION
Single Infusions of the Fat Emulsion. The studies with a single infusion of the
cottonseed oil or triolein emulsion revealed in 10 of 14 control subjects and in
all 4 patients with primary hypercholesteremic xanthomatosis, following a rise
of the neutral fat level during the infusion, a return to the initial level within
six hours. Three of the control subjects showed a slight delay in the clearance of
the neutral fat and in 1 control subject there was a sustained lipemia throughout
the first eight hours after the infusion.
In contrast to most of the control subjects and to the patients with primary
hypercholesteremic xanthomatosis 8 of the 9 patients with idiopathic hyper-
lipemia showed a considerable delay in the clearance of the neutral fat from the
blood stream. The values obtained six and eight hours after the infusion were as
high or higher than at the end of the infusion. Twenty hours after the infusion7
however, the neutral fat level had decreased in all patients. It still was higher
than the initial level in 3 patients, but it was near the initial level in 4 patients
and below it in 2 patients.
The fact that 8 of the 9 patients with idiopathic hyperlipemia during the
first six to eight hours after the infusion showed no clearance of the added fat
would seem to support Thannhauser's thesis that a delayed elimination of lipids
from the blood stream exists in idiopathic hyperlipemia. Whether the primary
defect lies in the intravascular clearance mechanism (9), in the passage of fat
from the blood stream into cells (7), or in some other unsuspected abnormality
cannot be determined from these experiments.
The observation that an infusion of the emulsion induced an appreciable
decrease in the serum cholesterol in 8 of the 9 patients with idiopathic hyper-
lipemia, in all 4 patients with primary hypercholesteremic xanthomatosis and
even in the 4 control persons in whom the serum cholesterol level was above 300
mg. per 100 ml. was unexpected. Apparently, the infusion of the emulsifying
materials alone is ineffective because an infusion of the soybean phosphatide and
pluronic administered to 2 patients with idiopathic hyperlipemia caused no
lowering of the cholesterol.
Daily Infusions of Fat Emulsion for One Week. When seven daily infusions
were given to 3 patients with idiopathic hyperlipemia appreciable reductions
not only in the amount of cholesterol but also in the amount of neutral fat
occurred. Because of the great decrease in neutral fat the serum cleared in all 3
patients. The lowering of the lipid values was temporary, however. In Patient 1,
who had had very severe hyperlipemia, the lipid values were nearly as high
ten days after the infusion as initially. In the other 2 patients the lipid valuer
rose somewhat more slowly and reached the previous high level in about three
weeks.
The decrease in the elevated cholesterol values in the 2 patients with primary
hypercholesteremie xanthomatosis was also noteworthy amounting to 225 mg.
in each of the 2 patients. Again, as in the patients with idiopathic hyperlipemia
the lowering of the cholesterol levels was temporary.
It is too soon to state whether the intravenous administration of emulsified
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cottonseed oil or triolein represents a worthwhile therapeutic procedure. It seems,
however, that infusions of this emulsion have a more pronounced and prolonged
effect than the infusions of heparin which we had previously employed (16, 17).
The difference in effectiveness is especially evident in primary hypercholesteremic
xanthomatosis. In idiopathic hyperlipemia prolonged treatment with heparin
had caused significant reductions of the lipid values (16), whereas no reductions
had been obtained in primary hypercholesteremic xanthomatosis (17). In ad-
dition to greater effectiveness the infusions of fat emulsion have the advantage
of not prolonging the clotting time of the blood. Nevertheless, the effect of the
fat emulsion in decreasing elevated lipid levels is temporary and the method of
administration is cumbersome. Investigations are now under way to determine
as to whether the oral administration of vegetable oil emulsions is effective iii
lowering the lipid values. Preliminary studies indicate that their oral adminis-
tration is effective.
SUMMARY
A single intravenous infusion of 500 ml. of a 10 per cent cottonseed oil or
synthetic triolein emulsion was given to 9 patients with idiopathic hyperlipemia,
4 patients with primary hypercholesteremic xanthomatosis as well as to 14 con-
trol persons in order to study the rate of clearance of the added amount of neu-
tral fat.
Thirteen of the 14 control persons and all 4 patients with primary hyper-
cholesteremic xanthomatosis showed complete or nearly complete clearance of
the added fat within six hours. In contrast, 8 of the 9 patients with idiopathic
hyperlipemia showed no clearance of the added fat during the first six to eight
hours after the infusion. This observation would seem to support the thesis that
a delayed elimination of lipids from the blood stream exists in idiopathic
hyperlipemia.
It was further observed that the infusion of the emulsion consistently caused
a significant lowering of the serum cholesterol in the patients with idiopathic
hyperlipemia and primary hypercholesteremic xanthomatosis as well as in control
persons with levels of serum cholesterol above 300 mg. per 100 ml. of serum.
On the average, the decrease amounted to nearly 100 mg. per 100 ml. of serum
in twenty-four hours.
Daily infusions of the emulsion for one week caused in 2 patients with primary
hypercholesteremic xanthomatosis significant decreases in the serum cho-
lesterol level. In 3 patients with idiopathic hyperlipemia a considerable reduction
not only in the cholesterol but also in the neutral fat took place resulting in
clearing of the turbid sera.
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DISCUSSION
Du. FREDERICK URBACH (Buffalo, N. Y.): As Dr. Livingood has already
pointed out, Dr. Lever's contributions to this subject certainly deserve to be
called classical. I have had the opportunity to discuss his findings with him prior
to this presentation, and would like to make two comments and ask one question.
Approximately two years ago, Dr. Kinsell reported at a conference that the
oral administration of large quantities of vegetable fats to patients with hyper-
cholesteremia resulted in the reduction of serum lipids. He felt that the results
of this very restricted, oral synthetic diet used, were encouraging in some of his
patients with heart disease. This finding, of course, corresponds with Dr. Lever's
observations. Again, Dr. Wilkerson reported at the Bronx Dermatologic Society
Symposium on Xanthoma, that there was a demonstrable delay in the return of
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serum neutral fat levels to normal in patients with hyperlipemia and essential
xanthomatosis, after oral administration of a test meal.
Possible causes of the extremely interesting observations of Dr. Lever are,
however, more difficult to discuss. As you know, one can achieve essentially
identical results in patients with essential hyperlipemia by severely restricting
all dietary fats. Thus it is necessary to explain how it is possible to achieve the
identical end result (i.e., reduction of serum lipids) by:
a) decreasing all fat intake to 10 gms. per day or less,
b) feeding 200 to 300 gms. of vegetable fat daily, and
c) giving a mixed fat emulsion intravenously.
These above appear on the surface to be incompatible. I do not wish to offer
any simple explanation, hut a hypothetical common ground may be envisioned.
Apparently Dr. Lever and Dr. Kinsell both used vegetable fats as a source of
their infusions or diets. These fats contain fairly large quantities of phytosterols,
known not to be absorbed from the intestine, but able to combine with cholesterol,
and probably promoting its excretion. It is possible that some such mechanism
may be held accountable.
The question I would like to ask Dr. Lever is, whether it might not be possible
that the phospholipid given together with fat might have contributed to the
reduction of serum cholesterol he observed. I wonder whether any studies have
been performed giving phospholipids alone, without fat, to see if similar results
are obtained. As you know, one of the original theories about lipid metabolic
disturbances was that of a disturbance in the ratio of phospholipids, fats and
cholesterol. I think Dr. Lever's paper is of extreme interest and a really great
advance in the study of the diseases of lipid metabolism.
DR. PAUL GROSS (New York, N. Y.): Dr. Lever and his associates have made
an important contribution by their carefully planned research.
I was going to ask the presentors the same question that Dr. Urbach posed,
namely, whether the reduction in serum cholesterol might have been due to the
phospholipids which were contained in the intravenous injection material. If,
as I assume, these phospholipids were soybean phosphatides, it will be interesting
to know whether they will be able to obtain a decrease in serum cholesterol,
as we reported in 1943, by giving large doses of soybean phosphatides by mouth.
We believe that the action of the so called soybean lecithin is due as much to
its high content of inositol phosphatide described by Woolley and Folch as it is
due to the choline containing lecithin.
DR. WALTER F. LEVER (in closing): I was interested to hear from Dr. Urbach
about Dr. Kinsell's studies with which I was not familiar. As a matter of fact,
the lowering of the serum cholesterol which we observed after a single fat in-
fusion in our patients with elevated cholesterol values was purely an accidental
finding. We started out doing these tests in order to study the rate of lipid elimi-
nation in our patients with idiopathic hyperlipemia and only when we tabulated
our results did we notice the marked decreases in cholesterol that had taken
place during these tests. I cannot say anything definite yet about the mode of
action. Studies about this are now ui progress.
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Concerning Dr. Gross' and Dr. Urbach's questions about the action of the
phospholipids alone: We have so far given two patients with idiopathic hyper-
lipemia and one normal control subject one infusion each of only the emulsifying
agents which includes the phospholipids. No decrease in the lipids took place.
We thus can assume that the phospholipids are not the active principle and that
the presence of neutral fats in the emulsion is necessary in order to obtain a
lowering of the lipid values.
